Objectives: Open pyeloplasty is the standard treatment for ureteropelvic junction obstruction in children. The introduction of robotic surgical system has facilitated precise intracorporeal suturing and shortened the learning curve for minimal invasive procedures for the surgeons. There is sparse data over the outcomes of robot-assisted laparoscopic pyeloplasties in children. We describe our technique and outcomes of robotic pyeloplasty in children. Patients and Methods: Operative data for all patients undergoing a robot-assisted procedure at our center is prospectively recorded in a database. We retrieved data of patients below the age of 16 years undergoing robotassisted pyeloplasty between July 2007 to March 2011 and evaluated their operative parameters, recovery, and functional outcomes. Results: In the period under review, 34 pediatric patients (mean age 12 years, range 5-15 years) underwent robotassisted laparoscopic pyeloplasty at our center. All patients underwent unilateral pyeloplasty but one patient underwent a simultaneous contralateral pyelolithotomy. The mean total operative time (range) was 105 minutes (75-190 minutes), average dissection time and the anastomosis time was 23 minutes (20-58 minutes) and 46.5 minutes (28-70 minutes) respectively. The mean blood loss was 30 mL. Follow-up of 36, 24, 18, 12, and 6 months was completed in 14, 21, 24, 28, and 31 patients respectively. Postoperatively, one patient had an omentum herniation through the camera port site and another had an ileocaecal volvulus. With a mean follow-up of 28.5 months (2-56 months), the success rate was 97% (32/33), whereas postoperatively one patient had deterioration of function. Conclusion: Robot-assisted laparoscopic pyeloplasty is a safe and effective minimally invasive treatment modality in children.
Introduction
O pen pyeloplasty is the standard treatment for ureteropelvic junction obstruction (UPJO) in children. However, the procedure is associated with postoperative pain, long hospital stay, and a long scar. Schuessler first introduced laparoscopy in adult UPJO management. 1 Laparoscopic procedures in pediatric population have proven to be safe with outcomes comparable with open surgery. The main disadvantage of laparoscopy is the steep learning curve because of difficult intracorporeal suturing. The introduction of robotic surgical system has facilitated precise intracorporeal suturing and shortened the learning curve for minimal invasive procedures. There are reports of use of robotics in pediatric population for nephrectomies, pyeloplasties, ureterocalycostomies, ureteric reimplantations, and orchiopexies. 2 At present, there is sparse data over the outcomes of robotic assisted laparoscopic pyeloplasty (RALP) in the pediatric age group. Our tertiary care center acquired a da Vinci surgical robot in 2006 and we have been regularly using it for pyeloplasties in children. We describe our technique and outcomes of this procedure in children below 16 years.
Patients and Methods
All data on patients undergoing robotic surgery is prospectively entered into a database at our center. We retrieved data of all the pediatric patients undergoing RALP since we acquired the device. The diagnosis of UPJO was based on clinical symptoms and standard imaging studies including ultrasonography, intravenous pyelography, and diuretic renography (Tc 99m levo-levo ethylene dicysteine [LLEC] ). The indication of surgery was flank pain in 29 patients and functional deterioration in an antenatally diagnosed UPJO in 5 patients.
reclining at 60°to the operating table. A urethral catheter was placed and bladder was initially drained till the ports were placed. The bladder was allowed to distend by clamping the catheter to check for the proper positioning of the lower end of the stent in the bladder. Pneumoperitoneum was created with a closed technique using a Veress needle in the lateral quadrant or near the umbilicus at the point of subsequent insertion of camera port. Pressure of 15 mm Hg was used during the insertion of ports followed by 12 mm Hg throughout the rest of the procedure. Four ports were used in most of the cases, including one 12 mm (length 100 mm) camera port, two 8 mm robotic (adult) ports, and one 12 mm (length 100 mm) assistant port for suction, irrigation, and suture handling ( Figure  1 ). After the creation of pneumoperitonem, camera port was placed at or lateral to the umbilicus. Two robotic ports were placed under vision in the mid clavicular line, 8 cm away from the camera port, making an isosceles triangle with the camera port. The assistant's port was placed in the midline between the xiphoid and umbilicus. An extra 5 mm port was placed at subxiphoid area for liver retraction in right sided cases. The robot was docked over the back of the patient.
Technique
For left sided procedures, a transmesocolic route, through an incision parallel to the mesenteric vessels, was used in most of the cases. For right side procedures, the hepatic flexure was mobilized. The ureter and pelvis were identified and dissected. The type of reconstruction was intraoperatively decided based on the size of pelvis, crossing vessels, and ureteral insertion. A hitch stitch (extracorporeal retraction) 3 was used to retract the superior most margin of the pelvis for better exposure with 3-0 PDS suture (straight needle) especially in the transmesocolic approach. The pelvis was incised with cold scissors in an oblique fashion from inferior to superior side. Stones if present, were retrieved with robotic forceps and placed in homemade plastic bag and kept away for retrieval at the end of surgery through the assistant port. The ureter was spatulated on the lateral aspect with cold scissors. Crossing vessels were transposed. The uretero pelvic anastomosis was performed with 4-0 vicryl sutures. The anterior layer was completed first with a continuous running suture followed by antegrade Double-J stenting of the ureter over a hydrophilic guidewire through the 12 mm assistant port. The size of the stent used was 4.8F or 6F and stent length was calculated by age + 10 cm formula. The posterior layer was similarly closed. At the proximal portion of the ureter, a 3 point stitch was taken as in open surgery. The remaining pyelotomy was closed with continuous suture of 4-0 vicryl. At the end of the procedure the hitch stitch was released. Any urine/blood collection was aspirated from the operative site or the pelvic cavity. The mesocolic defect was repaired to extra peritonealise the anastomosis, At the end of the surgery, a 14F drain was placed in all patients. All 12 mm ports were closed with a vicryl suture. Stent position was checked the next day on Xray. The drain was removed once the output was less than 50 mL and the urethral catheter was removed the next day. Stents were removed after 4 weeks in all the patients. Regular follow-up comprised a record of clinical symptoms and intravenous urogram or diuretic renography at 3 or 6 and 12 months after surgery and at 1-yearly intervals thereafter. Relevant data were collected and analyzed for perioperative morbidity, complications, and long-term functional outcomes. The success rate was measured on the basis of the imaging findings and resolution of subjective complaints. . The mean blood loss was 30 mL. Secondary stones were present in five patients which were retrieved during the procedure with robotic assistance without any residuals. Crossing vessels were found in seven patients and were transposed in all the patients. In one patient with ectopic pelvic kidney, ports were placed between the umbilicus and pubic bone. Six patients had huge dilated pelvis with small abdominal space. In all these patients, the kidney was first decompressed by making a pyelotomy incision and then followed by reduction Anderson-Hynes pyeloplasty. Robotic procedure was completed without any conversion to open procedure in all the patients. Intraoperatively, one patient had a serosal tear of small bowel following sudden loss of pneumoperitoneum caused by a gas leak. This was repaired with vicryl sutures. All patients were allowed liquid diet in the evening of the surgery. The drain and urethral catheter was removed after 24 and 48 hours respectively in all the patients. Patients were regularly given analgesia on the day of surgery, but on-demand basis from the first postoperative day. All the patients had a properly placed stent except one who required repositioning next day.
Results

Between
The mean (range) hospital stay was 2.5 (2-5) days. One patient had an omentum herniation through the camera port site on the first postoperative day (Clavien grade 3a). This was reduced under sedation, bedside. One patient developed an ileocaecal volvulus in the perioperative period and required a laparotomy (Clavien grade 3b).
The mean follow-up is 28.5 months (2-56 months) with a success rate of 97% (32/33). The follow-up of 36, 24, 18, 12, and 6 months was completed in 14, 21, 24, 28, and 31 patients, respectively. One patient had deterioration of function postoperatively, required percutaneous nephrostomy and subsequently a nephrectomy. At last follow-up, all 32 patients were symptom free, function was improved in 24 patients and stable in 8 patients (Table 2) .
Discussion
Open pyeloplasty has been considered as the standard management of UPJO. 4 In an attempt to minimize morbidity, a number of endoscopic procedures and laparoscopy have been used for managing UPJO. Endoscopic treatments, however, have poor long-term outcomes. 5 However, laparoscopic pyeloplasty in adults has outcomes comparable to open pyeloplasty with the advantages of early recovery, less pain, shorter hospital stay, and good cosmetic outcomes. 6, 7 Laparoscopy itself has many disadvantages like two-dimensional vision, difficult intracorporeal suturing, and 4°of movements of instruments. Laparoscopic pyeloplasty, especially in children, is difficult to learn and requires longer operative time because of intracorporeal suturing. 7, 8 Since the introduction of the da Vinci robotic surgical system (Intuitive Surgical, Sunnyvale, CA), the limitations of laparoscopy have been somewhat reduced. 5 The role of robotics in adult UPJO has already been established. [9] [10] [11] The difficulties in pediatric laparoscopy are small abdominal space, delicate tissues, and large sized instruments leading to difficult intracorporeal suturing. Robotic surgery has been established in pediatric urology reconstructive and ablative procedures. 2 One of the major advantage of robotics has been that minimally invasive pyeloplasty came within the reach of pediatric urologists with no advanced laparoscopic skills.
In our series, the mean total operative time was 105 minutes, which was less than the other series. 12 12 We have compared our patients' outcomes with other series of pediatric pyeloplasty in Table 3 . Some of our good results may be because of our good robotic exposure in managing adult UPJO. 9, [18] [19] [20] We found that the main advantages of robotics in pediatric pyeloplasty were the precise suturing, ease of ureteral spatulation, and easy antegrade stenting. We used the hitch stitch over the super lateral part of pelvis that helped us in dissection of large redundant pelvis and provided traction to the pelvis, preventing its retraction into the mesocolon. It also prevented inclusion of the mesocolon into the anastomosis suture line. Antegrade stenting was done over hydrophilic guidewire which was placed through 12 mm assistant port. We thought that this part of the surgery was also made easy by the robotic system.
Freilich et al 3 reported bilateral simultaneous robotic pyeloplasty in five children with total mean operative time of 384 minutes. We also had an experience of bilateral simultaneous robotic pyeloplasty in adult patients. 21 In one patient, we performed simultaneous robotic pyeloplasty on one side and robotic pyelolithotomy on the contralateral side using five ports with an operative time of 200 minutes. The patient had preoperative nephrostomy tubes for managing uremia and these tubes were clamped one by one on the second postoperative day. RALP has been compared with open pyeloplasty in children and has been found to be safe and efficacious with all attendant advantages of minimal invasive surgery 13, 22 Franco et al 16 compared laparoscopic hand sewn anastomosis versus robotic assisted anastomosis and concluded that outcomes are similar in both the groups, but in the robotic group, the surgeon had fine tremor-less motor movements and easy spatulation of the ureter. We agree with these findings.
There are many disadvantages of robotic surgery, one being absence of tactile sensation manifest by suture breakage. This limitation requires increased attention to visual cues. Second was the occasional collision of robotic arms because of small sized patient. Another disadvantage is the cost. 3 However, age does not seem to be a contraindication to the usage of robotic assistance. 23 One of the limitations of our study was the use of adult sized ports and robotic instruments in children which might have added to the perioperative complications. The sample size in our study population was small but had significantly important results, and we suggest future studies to be undertaken with a larger population size.
Conclusion
RALP is safe and feasible in children. It can be performed with short operative times with excellent functional outcomes.
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